their arm supported in a suspension sling adapted for free movement. Five of the first and immediately repeated measurement pairs showed strong correlations and interrater reliability (SjP, .839, \fI}P, .900, SRM, .886, WRM, .904, SAR, .884lp M uscle tone is the resistance of a muscle or group of muscles to elongation or passive stretch (Trombly, 1989) . Four properties of muscles related to tension were identified by McPherson (1985) . Two of these properties are neurologically related-the level of involuntary neurological activity and the level of volitional contraction of the muscle. The other two properties are dependent on biomechanical tissue properties-the tendency to resist elongation and the tendency to return the joint to its former position (McPherson, Becker, & Fransczczak,1985) .
Various electromyographic (EMG) (Delwaide & Young, 1985) , biomechanical or myotonometric (Halpern, Beck, & Nesse, 1980; McPherson, 1981; Tang & Rymer, 1981) , :ll1d clinical methods (Barnard et aI., 1984) have been used to evaluate muscle tone. Each has met with limited success. EMG and biomechanical means require expenSive equipment more suited to research than to cl inical applications. The clinical methods have demonstrated problems of reliability (Trombly, 1989) , possibly because of the compleXity of and poorly understood interactions among the underlying factors and methods of measurement. Spasticity has been said to be changeable and to fluctuate (Ashworth, 1964) , which has frustrated clini cians For example, Pedretti 0985, p. 88) concluded that "it is not possible to measure [spasticity] accurately and with certainty." To further complicJte matters, the methods of evaluation of spasticity, or of muscle tone, have variously been applied to specific muscles or muscle groups (Erdman & Heather, 1958; McPherson, Kreimeyer, Aalderks, & Gallagher, 1982) , to body parts (Scherling & Johnson, 1989) , to entire limbs (Bertoti, 1986; Kluzik, Fetters, & Coryell, 1990) , or to the entire body (King, 1987) .
Because muscle tone has historically been defined by its tendency to resist passive elongation through range of motion, clinical measurement of muscle tone has consisted primarily of examiners rating that resistance while moving the part quickly through its motion (Trombly, 1989) . However, because of the influence of the stretch reflex in persons with neurological impairment, the speed of movement and the point or range of points within the range of motion at which resistance appears have also been incorporated as elements considered in the rating.
In 1947, Teitelbaum and Vyner evaluated patients with hemiplegia to demonstrate drug effects. They examined patients for deformity, active and passive mobility of the limbs, muscle strength, and muscle tone. Active anel passive mobility were measured in degrees. Muscle strength and muscle tone were rated at one of six levels: normal, slight, mild, moderate, marked, and complete Joss of strength or extreme increase in tone, which included complete loss of active or passive mobility. Brennan (1959) , in developing a means of clinically evaluating spasticity, suggested that its intensity be measured in three mutually complementary ways. First, the postural position of the limb is measured Then, during passive movement of the limb through extremes of range, the range of normal tonus before tone increased and the degree o/tonus (rated normal [A] , mild [B] , moderate [q, marked [D] , and intense [EP were measured. Evaluation was performed in a warm room, with the patient seated on a straight chair anel looking forward. Measurement was completed in a fixed sequence: postural position, passive range of motion, active range of motion against resistance, and degree of tonus (while moving the part through full available motion in 1 sec by saying "one million" deliberately). When a few degrees of resistance was encountered, movement was stopped and range of normal flexor tone was measured anel degree of resistance was recorded. Three trials were used and the results were averaged. It is important to note that I3rennan implemented elements of this procedure to reduce some of the extraneous factors believed to influence muscle tone.
Also important to note were Brennan's (959) results. After treatment, when tonus was measured by other means, the arc of normal movement was found to be increased, suggesting its association with muscle tone. Brennan also found that "as tone was reduced a more normal posture was assumed" (p 768) Results were presented without supporting c1ata, however.
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In a study of drug effects on spasticity, Ashworth (1964) considered three major factors to eval uate spasticity: (a) the presence or absence of flexor or extensor spasms (by history or reproduced by contact or movement of the limb), (b) the patient's subjective impression, and (c) an objective assessment of the degree of spasticity. The objective measure was made with the patient in a relaxed position on a couch The limb was moved passively, and resistance to passive movement was recorded. The follOWing clinical classification was used: 0 = no increase in tone; 1 = slight increase in tone, giVing a catch when the limb was moved in flexion or extension; 2 = more marked increase in tone, but limb easily flexed; 3 = considerable increase in tone, passive movement difficult; and 4 = limb rigid in flexion or extension (Ashworth, 1964) . This classification system did not consider where the resistance to movement appeared within the range of passive motion. Bohannon and Smith (1987) modified Ashworth's (964) scale by incorporating the angle at which resistance appeared and again controlling the speed of passive movement with a deliberate I-sec count. The modifications consisted of the inclusion of an additional level (1 +) for continuous resistance and making ranks 1, 1+, and 2 dependent on where in the range of passive movement the resistance appears. On independent ratings of the weaker elbow flexors of 30 supine subjects with hemiparesis, Bohannon and Smith reported interrater agreement on 23 of 30 measurement pairs, with a reported Kendall tau correlation between raters of .847 (p < .001).
Clinicians continue using ratings of their judgments of resistance to passive movements performed manuaJJy. Trombly (1989) described a three-level rating of hypertonicity that combines resistance to passive movement with the range of resistance-free movement that is widely used clinicaJJy. The rating of mild is assigned if the muscle can be qUickly stretched through most of its range of motion before the stretch reflex occurs in the last quarter of the range, moderate if it occurs in midrange, and severe if it occurs in the first quarter of the range.
In response to the subjectivity of ratings of muscle tone, King (987) presented a 5-point rating scale for each of four functions: presence of tone (conchtions under which present), active range of motion, alternating movement, and resistance to passive movement. The scores totaled and then transformed into the usual mild, moderate, and severe categories. The resistance to passive movement ratings were defined in such a way that they were independent of the point in passive motion where the resistance appeared. Sixty-three of 74 of the pairs of ratings agreed after transformation to the familiar three-level scale.
The existence of stable joint resting position in the fingers of nondysfunctional persons was demonstrated by Long, Thomas, and Crochetiere (1964) and Worley (1989), and Worley (1989) demonstrated its alteration in response to vigorous resisted grip activity. McPherson (1985) described the importance of the passive viscoelastic properties of muscle to the measurement of tone and measured those components as indicators of muscle tone. These and Basmajian's (1977) discussions of the importance of these passive forces in establishing balance around joints suggest the use of resting joint position as a potentially independent indicator of muscle tone. The purpose of the present study was to investigate the interrater reliability of measures of three factors that have been associated with muscle tone as they appear in the shoulders (rotation) and wrists (flexion-extension) of poststroke patients. These factors are (a) resting joint position (SJP and WJP), (b) level of resistance to passive movement (SRM and WRM), and (c) the angle within the range of movement at which the resistance appears (SAR and WAR).
Method

Subjects
Potential subjects were selected randomly by serial entry from poststroke admissions to the occupational therapy programs of two centers. The subjects were screened for medical stability, absence of orthopedic problems (including history of osteoporosis and pain in the affected upper extremity), ability to understand procedures, and willingness to give informed consent and had approval of the attending physician and primary occupational therapiSt. The patients who were selected initially but who were discharged or whose screening status changed were eliminated from the study. Forty-nine adult patients (22 women and 27 men) participated in the study. Table 1 describes the sample. No statistically significant differences among demographic characteristics were found between each of the center's subjects except in race (x 2 = 5.95, df= 1, P <015).
Center 2 subjects were found to have Significantly lower ratings on both of the initial resistance to passive movement measures (SRM1 and WRMl) with the use of the Cochran-Mantel-Haenszel (Mantel, 1963) row mean difference statistic (SRM1 = 8.843, df= I, P < .003; WRM1 = 10.821, df= 1, P < .001). This indicates that Center 2 subjects had significantly lower muscle tone (as measured by resistance to passive movement) tban did subjects from Center 1. The difference between the first and second examiner's measurements, however, were not statistically different between centers. 
Equipment
The Deltoid Aid 1 (a type of overhead suspension device) and an adapted suspension arm sling with an adjustable balance rod 2 were used to support the sub· jects' affected upper extremities. They were used be· cause they provided freedom of movement of shoulder rotation, forearm supination-pronation, and wrist flexion-extension.
The suspension arm sling adaptation consisted of the use of a swive I clip at each point of suspension and the substitution of a small balance rod assembly (designed by the first author and shown in Figure 1) for the hand cuff The distal forearm and hand were supported by adjustable loops of twill tape suspended from small roller assemblies, which were attached by swivel clips to the ends of the small balance rod. The loops around the forearm and hand and over the rollers permitted forearm rotation and the second counterbalance rod permitted wrist flexionextension.
Angular measurement of joints was taken man· ually with analog goniometers (20-cm arm for the shou Ider and 12-cm arm for the wrist). The adapted suspension arm sling, which was used to support the sUbject's elbow, distal forearm. and hand. Note the swivel clips, which support all pOints of suspension, and the rollers and adjustable loops, which permit the forearm to rotate freely.
Procedure
The data collection procedure required 30 to 40 min and was conducted at one sitting. The subject was scated in a wheelchair (armrest removed) or straight chair with the affected forearm exposed and supported horizontally at the side in the cuff anel loops. The suspension arm sling was placed with its attachment to the Deltoid Aid positioned approXimately over the glenohumeral joint. The elbow was posi tioned in the cuff with the distal forearm in a loop approximately 5 cm proximal to the ulnar styloid and the hand in a loop just proximal to the distal palmar crease. The balance rods, wriSt and hand loops, and Deltoid Aiel weights were adjusted to permit the arm to be supported with the humerus vertical at the subjeer's side (or as nearly vertical as the subject's body build would permit) The shoulder was supported, the forearm was horizontal, and the hand was without radial or ulnar deviation (see Figure 2) A set of measurements was taken at the shoulder and wrist by each of twO therapists-one therapist immediately follOWing the other, but blind to results of the first. Measurement of the relaxed or resting joint positions of the shoulder and wrist were taken. The resistance to passive movement through available range for the shoulder and wrist anel the angle at which resistance appeared were measured The sequence of examiners and the joint at which resistance to passive movement was first measured were determined by a coin toss to control for order effect.
The support was placed on the subject's affected arm as described above. With face forward, the subject was instructed to relax the extremity The forearm and wrist were held gently in neutral rotation with the forearm directly forward from the elbow and in neutral supination-pronation and with the wrist in neutral flexion-extension (see Figure 2) . The extremity was then released and permitted to assume its relaxed resting position. The position of the shoulder in rotation as well as wrist flexion-extension were then measured manually. Next, the first joint's resistance to passive movement (shoulder moved toward external rotation or wrist toward extension) was rated with the follOWing criteria:
• 0 = No resistance evident.
• ] = Barely perceptible increase in resistance.
• 2 = Small increase in resistance (eqUivalent to less than that felt when giving F-t-manual muscle testing grade)
• :3 = Moderate resistance (equivalent to F+ through G-muscle grade) • 4 = High resistance (eqUivalent to G to N muscle grade), passive range of motion beyond appearance of resistance possible.
• 5 = Very high resistance, passive motion beyond appearance of resistance not possible
When the first few degrees of resistance were encountered (Brennan, 1959) , the position was held by the therapist and the angle was measured. The resis· tance to passive movement and the angle of its appearance were then measured in the remaining joint. This procedure was repeated by the second examiner 
Measurement Methods
Shoulder internal-external rotation was measured by placement of the goniometer axis directly above the glenohumeral joint and acromion process in line with the elbow (palpated olecranon process) The stationary arm was horizontal and aligned with the opposite acromion process. The movable arm was aligned horizontally above the forearm and aligned with the olecranon and ulnar styloid processes, which were located by either direct visualization or palpated, depending on the resting position of the forearm. If the subject's neck or shoulder width interfered with alignment of the stationary arm and axis placement, the stationary arm was aligned as described and the axis shifted laterally. Alignment of the movable arm was maintained parallel to the position as described. Wrist flexion-extension was measured as described by Trombly (1989) .
Resistance to passive movement was begun with the extremity in the resting position. The examiner's hands supported the shoulder at the elbow or just proximally (while evaluating the shoulder) and contacted the dorsal surface of the forearm and hand holcling laterally on bony prominences. The joint was moved slowly and gently to the beginning extreme of motion (internal rotation for the shoulder and flexion for the wrist) and then to its other extreme and back to the starting extreme. The joint was then moved qUickly through that available motion (shoulder toward external rotation and wrist toward extension) in 1 sec by deliberately counting "one, one thousand" (Bohannon & Smith, 1987; Brennan, 1959) . Three repetitions could be used, if necessary, to rate the resistance.
Data Recording and Transformation
Examiners recorded data on separate sheets in degrees, as read from the goniometers. Shoulder rotation was analyzed as recorded. Full internal rotation (0°) was not possible because of the subject's abdomen.
Wrist flexion or hyperextension angles were recorded with the two separate scales familiar to clinicians (neutral = 0). For analysis, after data collection, we combined the two wrist scales into one continuous scale by subtracting flexion measurements from 90° and adding hyperextension measurements to 90°.
The scales of data analyzed for both shou IdeI' and wrist angles progressed from low readings (toward shoulder internal rotation or wrist Aexion), through 90° (neutral shoulder rotation or wrist flexion-extension), to higher readings (toward shoulder external rotation or wrist hyperextension).
Data on individual joints with resistance to passive movement (RM) greater than 1 were used in the repeated measures correlations under conditions of high tone. When both high tone and joint first measured were considered, only c1ata from subjects with RM greater than 1 at both shoulder and wrist were used.
Results
The first and repeated measurements of each of the three factors at both the shoulder and wrist were correlated statistically with the Pearson product-moment correlation for the angular measurements and the Spearman rank order correlation for the ratings of resistance to passive movement. Correlations were done on all subjects and on subjects by center. In addition, since the variability of the resting joint positions might be expected to be greater under conclitions of lower muscle tone (i.e., stiffness, or resistance to passive movement) (Worley, 1989) , data for individual joints with resistance to passive movement ratings less than 2 were eliminated. A more accurate estimate of the reliability of the resting joint position measurements of the shoulder and wrist in isolation from extraneous conditions influencing them was therefore possible. Finally, since the measurement of resistance to passive movement of the shoulder and wrist might be influenced by the joint at which resistance to passive movement was first measured or whether high or low muscle tone was present, correlations were done under each of these conditions. Table 2 shows these correlations with individual test probability levels indicated. With use of the Bonferroni method (Dunn, 1974) to control the overall experimental error at an alpha of .05, a critical probability of <.0017 was necessary for statistical significance (alpha/number of correlations X 2, or .05/14 X 2 = .0017). With the use of this criterion, five of the six first and second measurement pairs were strongly and Significantly correlated (SJP, WJP, SRM, WRM, SAR) in at least one of the analysis subgroupings All six had correlations at a moderate level or above in at least two of the subgroupings.
The two shou IdeI' resting joint position measurements correlated with a Pearson rof .835 (p < .0005) in subjects with higher resistance to passive movement (SRM > l)and at an r of .839 (p < .0013) in that group from Center 1. The wrist resting joint pOSition measurements were moderately correlated in all 49 subjects (r = .595, P < .0001) and in all subjects whose wrist resistance to passive movement was measured before the shoulder (r = .681, P < .0002). A high level of correlation ( r = .900, P < .0009) was found among subjects with higher resistance to passive movement (WRM > 1) from the subgroup for which the wrist was measured first.
january' 1991, Volume 45, Number 1 Note. SJP = shoulder resting joint pOSition. WjP = wrist resting joint position. SRi'v! = shoulder resist:lnce to passive movement. W1Uv! = wrist resistance to passive movement. SAR = shoulder angle of appearance of resistance. WAR = wrist angle of· 3ppearance of· resistance.
* p <0017 critical value for multiple correlations, controlling for significance at a =05
Shoulder resistance to passive movement meaFinally, among all subjects whose wrists were measurements were moderately associated in all 49 sub· sured first, a correlation of p = .785 (p <0001) was jects with Spearman correlations of p at .676 (p = calculated. .000l) and .777 (p < .0001) in Center 1 sulJjects.
Associations between the twO measurements of Among the subjects whose wrists were measured first the angle at which resistance to passive shoulder and among that grou p from Center 1, however, high movement appeared were moderate but statistically correlations were obtained (p = .839, P <0001 and significant among all 47 suhjects (accurate angle of p = .886, P < .0001, respectively).
resistance data was not available on 2 of the 49 subThe two wrist resistance to passive movement jects) (r = .601, p <000l) and for Center 1 subjects measurements were moderately associated in all 49
(r = .654, P <0007). Among subjects whose shoulder subjects and in Centers 1 and 2 with the follOWing resistance to passive movement was measured before correlations: p = .672 (p <000l), P = .777 (p that of the wrist, the measures reached a correlation of < .0001), and p = .623 (p < .0012), respectively. r = .725, P <0009. Center 1 subjects whose SRM was Among those subjects from Center 1 whose shoulder measured first showed strong association between the resistance to passive movement was measured first, a two measures (Pearson r = .884, P < .0007). high correlation (p = .904, P <0001) was obtained.
Measurements of the angle of appearance of re7he American Journal of Occupational Therapy sislance to passive movement at the wrist were not highly correlated under any of the 14 subgroups studied. A statistically significant but weak association was noted between initial anel second measures amon a all 47 subjects (r = .523, P <0002) and a mode~ate correlation (r = .618, p <0013) among all whose wrists were measured first. The data support high interrater reliability for the above methods of assessing SJP, WJP, SRM, WRM, and SAR. A weak interrater reliability of the method of measurement of WAR is indicated.
The question of whether each of the four initial joint angular measurements (i.e., SJP1, WJP1, SARI, WAR1) differed by center, sex, and race was investigated with an analysis of variance (ANOVA). No significant differences were found.
Discussion
This study makes progress in answering the major question regarding the reliability of three clinical measures of muscle tone at the shoulder and wrist. The data indicate sufficiently high interrater reliability of five of the six measures (S.JP, WJP, SRM, WRM, SAR) to indicate their potential usefulness as clinical assessments of muscle tone. In addition, WAR reached interrater reliability sufficient to justify its further investigation as a clinical tool for measuring factors related to muscle tone.
The results indicate that the highest levels of correlation for both SJP anel WJP occurred under conditions of higher muscle tone (RM > 1), as measured by resistance to passive movement. This supports the suggestion that the variability of resting joint position decreases with increasing muscle tone (Worley, 1989) anel might therefore be useful in assessing subjects with higher muscle tone. The order effect of the joint resistance to passive movement meaSurements (shoulder or wrist first measured) was investigated further with an ANOVA to determine the existence of differences among the four measures (initial and repeated measurement of subjects whose shoulders or wrists were first measured) for each of the four angular measurements (SJP, WJP, SAR, WAR) taken. No significant effects were obtained.
Similar analysis of shoulder resistance to passive movement measurements (SRM1 and SRM2) relative to the joint first measured led to results of slight statistical significance. When al149 subjects were considered, the first measurements tended to be higher than the second in both grou ps (see Table 3 ).
Among subjects with both shoulder and wrist RM measurements greater than 1 (9 subjects with higher tone), a different, although slightly significant, ten dency was noted. In those subjects, the second measurement (SRM2) tended to be higher than the first (SRM1) when the shoulder waS measured first and lower than the first measurement when the wrist was measured first (see Table 4 ).
These data appear to indicate that the first measurement of resistance to passive movement at the wrist tends to influence the immediately following measurement of the same factor at the shoulder This is also suggested by the higher correlations seen in the meaSures of SRM at the shoulder and a possible slight lowering of their means. This effect appears to be particularly true in higher tone subjects.
Difficulty with the measurement proceuure reqUiring the examiner to simultaneously maintain the wrist position and manipu late the goniometer for measurement may have contributed to the lowered reliability of the WAR measures. We therefore suggest that the scale of measurement of this factor be isolated from the scale rating the level of resistance to passive movement. Slightly higher reliability of resistance to passive movement was obtained in this study than was obtained by Bohannon and Smith (1987) Their results, however, were obtained by measurement of tone at the ell?ow and could reflect differences for this reason.
Spearman and Pearson correlations were used to investigate the associations among the three measures at the shoulder and wrist and for first and repeated measurements (ie, among SJPl, SRMI, and SARI; WJPl, WRMl, and WARl; SJP2, SRM2, and SAR2; and WJP2, WRM2, and WAR2). The levels of their associations were inconsistent and varied among all of the subject and subgroup conditions investigated and between first and repeated measurements. We plan a more thorough reporting of these data. The tests appear to measure different factors related to muscle tone and may vary among each other and under differing conditions.
The variabil ity of muscle tone and conditions contributing to that variahility have been known or suspected for some time This problem is compounded by some who consider muscle tone to be a concept applied to the extremities, to the hemiplegic sides of patients, or to the patient's entire body. Additionally, some use the term as an indicator of the overall integrity of the patient's nervous system. The present study indicates that clinical measu;-es of mus cle tone exhibit sufficient reliability to support their use in assessments of the phenomenon of muscle tone or stiffness at anyone time and under specified conditions_ The fact that the phenomenon may vary under a wide array of conditions should not dissuade clinicians from attempting to assess it. Until a definitive measurement method is devised, however, such assessments should be performed with the use of reliable methods and with conditions sufficiently specified.
A lack of such speCification of conditions and ambiguity in the definition of the phenomena being assessed and the purpose for its assessment have leel to conclusions that clinical measures of muscle tone are subjective, highly unreliable, and of questionable use In light of the results of our study, reassessment of those conclusions is indicated.
We have no definitive explanation for the lower muscle stiffness (SRM and WRM) observed among
The Americanjounwl a/Occupational Therapy Center 2 subjects. Several possible causes exist. Perhaps a higher proportion of the Center 2 subjects (With low RM ratings) had a higher level of overall function in the measured upper extremity. An assessment of the patients' level of function, such as was conducted by Brunnstrom (1970) , could have strengthened this study.
Conclusion and Clinical Implications
The findings suggest several recommendations for the clinical use of these or similar methods. A clear identification of the purpose and scope of application of the assessment should be made at the outset (i.e., an assessment of status, recovery, or treatment effect and a decision as to consideration of a particular muscle group, extremity, or generalized tone) Selection of the measurement method used should be consistent with conditions under which it demonstrates suitable reliability and with the specific patient function of concern. Wherever possible, assessment of individual muscle groups or joints should be made at times that are sufficiently separated from assessment of other muscle groups so that the period of mutual influence has passed. To assess the effects of treatment, we advise measurement of individual joints of the same extremity on different days and assessment of the before and after treatment effects on the same day at one joint only. If more than one muscle group or joint must be measured within the expected time of mutual influence (which this study showed to be at least 40 min), the conditions and sequence of assessment should be specified so that they may be replicated at the time of reassessment. The results also suggest that rating resistance to passive movement should be based on a scale measuring force alone and that the angle of appearance of resistance should be measured as a separate factor Additional research is needed to further refine and identify methods for the clinical assessmenL of muscle tone and its assessment at other joints. Investigations to identify faerors constituting and influencing muscle tone, to determine the effects of treatments on muscle tone, and to determine muscle tone's effect on functional performance and health are also needed ....
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